This study compared the clinical results of surgical treatment of high complex anal fistula with a conventional seton and a new type of seton consisting of an elastic sheath and alloy core tube for irrigation of the wound track. A total of 438 patients were included in the study; 215 were treated with a conventional seton and 223 with the new-type seton. In patients treated with the new-type seton, the wound track was irrigated daily with 100 ml physiological saline, 100 ml hypertonic saline and 0.5 g metronidazole gel from the second postoperative day until seton removal. The new-type seton was associated with significant reductions in recurrence rate, length of stay and healing time compared with the conventional seton, but there were no significant differences in operation time or postoperative incontinence rates. It is concluded that the new-type seton with irrigating tube can improve the treatment of high complex anal fistula.
Introduction
Master John of Arderne has been reported as saying, in 1376 in his treatise on the treatment of fistula-in-ano, that 'The treatment of fistula-in-ano had fallen into disrepute because it was a troublesome condition which brought very little credit to surgeons and required long and patient treatment'. 1 The majority of anal fistulae are superficial and are easily treated by fistulotomy. 2 Because of the risks of incontinence and recurrence, the treatment of high complex anal fistulae remains a significant surgical challenge. A fistula is considered 'high' if located within or above the deep sphincter. Fistulae are considered to be complex if at least one of the following conditions is fulfilled: (i) the fistula tract under the perianal skin is unidentifiable on physical examination; (ii) the fistula tract is parallel to the rectum when examined with a probe; (iii) associated faecal incontinence; (iv) at least one previous operation has been performed because of fistulous disease (fistulectomy or advancement flap); (v) suprasphincteric tracts; and (vi) the presence of Crohn's disease. 3, 4 A variety of techniques have been described to treat high anal fistula, including drainage and loose seton, excision and J-T Zhang and W-L Zhou are co-first authors on this paper.
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New-type seton for high complex anal fistula treatment closure of the internal opening, 5 rectal advancement flaps, 6 -11 island flap anaplasty, 12 fistulotomy with primary sphincter repair, 3 rerouting the fistula tracts, 13 and fibrin glue occlusion. 14 Setons are lengths of material inserted through the fistulous track; they have been used for many years for different purposes in anorectal surgery and are an effective treatment for high complex anal fistula and have a good safety profile. Their use in the management of high anal fistula is based on the assumption that they cause a chronic inflammatory reaction and consequent fibrosis that fixes and prevents retraction of the sphincter when it is divided. 15 Their function of passive drainage plays an important role in the recovery process after surgery. The track of a high complex fistula wound is deep and confined, and thorough drainage is not easy to achieve. In addition, the deleterious environment may prolong the healing time of the fistula and increase the recurrence risk. 16 Irrigation of the wound track with physiological saline 14,17 or hydrogen peroxide 18 -20 can improve the local environment and shorten the healing time.
A new type of seton consisting of an elastic sheath and an alloy core irrigating tube has been developed. The aim of the present study was to compare the clinical results obtained with a conventional seton and with this new type of seton in the surgical treatment of high complex anal fistula. Exclusion criteria included submucosal, low trans-sphincteric, intersphincteric or rectovaginal fistulas, inability to locate the primary opening, and the presence of Crohn's disease, human immunodeficiency virus infection, or tuberculosis. All patients were assessed by anal ultrasound and/or magnetic resonance imaging and assigned, based on patient choice or the choice of their relatives in the case of children < 18 years of age, to one of two surgical groups: those treated with a conventional seton (control group); or those treated using the new-type seton with irrigating tube. Short-term loose seton drain was performed in all patients solely to assess the difference contributed by the new-type seton.
Patients and methods

STUDY POPULATION
Written informed consent was obtained from all patients, or their relatives in the case of children < 18 years of age. The study protocol was approved by the Institutional Review Board of the First Affiliated Hospital of Jilin University.
THE NEW-TYPE SETON
The new type of seton consists of two parts: an elastic sheath and an alloy core irrigating tube ( Fig. 1 ). The elastic sheath can be stretched and the alloy core tube can be curled whilst still remaining open. Both have several corresponding openings. The end of the tube can be connected to a syringe for injection of irrigating fluid. The outer diameter of the sheath is approximately 0.3 cm and the inner diameter is approximately 0.2 cm (Institute of Biological Products, Changchun City, Jilin Province, China).
SURGERY AND POSTOPERATIVE TREATMENT
Surgery was performed under general or combined spinal epidural anaesthesia with the patient in the prone jack-knife or New-type seton for high complex anal fistula treatment lithotomy position. The decision to use a seton was made before the operation based on the anatomy of the fistula and the relationship of the track to the sphincter mechanism. The portion of the fistula track outside the sphincter mechanism and any lateral secondary tracks were laid open, and granulation tissue was removed using a curette. The anoderm and perianal skin overlying the section of the sphincter complex to be divided by the seton were incised, and the intersphincteric space was drained by division of the internal sphincter. The edges of the anoderm and skin were marsupialized using a 3/0 catgut suture. The seton was inserted and left in place for at least 2 -4 weeks. A secondary fistulotomy was then performed either as an outpatient or in the operating theatre, depending on the amount of muscle to be divided.
Patients received a liquid diet for 48 h postoperatively, after completion of which they were discharged within 12 -24 h. A bulking laxative was prescribed on the second postoperative day. Oral antibiotics were given for 1 week. Irrigation of the wound track with 100 ml physiological saline, 100 ml hypertonic saline and 0.5 g metronidazole gel via the core tube was performed daily from the second postoperative day until removal in patients with the new-type seton. The wound track in control patients was not irrigated.
FOLLOW-UP
Patients were followed for at least 18 months postoperatively. Follow-up consultations, including clinical examination, were performed after 2, 6, 14 and 24 weeks after operation. Patients were contacted by post 
STATISTICAL ANALYSES
All statistical analyses were carried out using the SPSS ® statistical package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Data were recorded as the mean ± SD or as frequency. The results for the two groups were compared using the Student's t-test or the χ 2 -test. A P-value < 0.05 was considered to be statistically significant.
Results
A total of 438 patients with high complex anal fistula were included in the study. Of these, 215 patients were treated using a conventional seton (control group) and 223 patients were treated using the new-type seton. The mean ± SD age was similar in the two groups (33.6 ± 99.2 years for the conventional seton group versus 36.5 ± 10.8 years for the new-type seton group); overall mean age was 35 years (range 14 -48 years in the conventional seton group and 12 -51 years in the new type seton group). There were more men than women in both the conventional seton group (125 men, 90 women) and new-type seton group (140 men, 83 women); these differences were not statistically significant.
Clinical results for the two groups are given in Table 1 . Recurrence rate, length of stay and healing time were all significantly reduced in the new-type seton group compared with the conventional seton group (P < 0.05 for all comparisons). There was no significance difference in operation time between the two groups.
The results of the postal questionnaire concerning pre-and postoperative incontinence are given in Table 2 . The response rate to the questionnaire was 78% (438/562 subjects). The differences in incontinence rates between the two groups were not statistically significant. There were no significant differences in pre-and postoperative incontinence rates.
Discussion
The surgical treatment of anal fistulas remains a challenge, with conditions ranging from simple low fistulas to complex fistulas involving most of the sphincter The use of a new type of seton with an irrigating tube in the present study was associated with significant reductions in recurrence rate, length of stay and healing time compared with a conventional seton, but there were no significant differences in operation time or postoperative incontinence rates.
Postoperative recurrence rates ranging from 0 to 65% have been reported in the literature. 23 -25 The overall rate of postoperative recurrence in these previous studies is 22.17% and the recurrence rate in the present study was 22.3% in the control group with a conventional seton, which is similar, whereas with the new type of seton recurrence was 5.8%.
In spite of the fact that anal fistulae have been known and treated for millennia and, despite the challenge they present to surgeons, there are few published in-depth studies on the factors associated with recurrence, incontinence and healing time.
One known associated factor is the environment of the postoperative wound tract. Inadequate track preparation, with persistent track epithelialization and granulation tissue lining the track, leading to chronicity, may be a cause of failure in the treatment of fistula. 26, 27 A deleterious environment can lead to abscess development which, inevitably, lengthens healing time. Dressing changes and intermittent irrigation with physiological saline, hypertonic saline or hydrogen peroxide can improve the local environment.
Irrigation with physiological saline and antibiotics, as used in the present study, can inhibit the spread of bacteria and inflammation and decrease the incidence of postoperative perianal abscess. Irrigation with hypertonic saline can decrease oedema in the wound surface, reduce pain and The main advantages of the new-type seton are its simple structure and practical applicability. It consists of two parts, an elastic sheath and an alloyed core tube, can be used in the treatment of high complex anal fistula, and makes irrigation possible in their treatment. The present study showed that the new-type seton can be used to irrigate the wound tract with different solutions (such as physiological and hypertonic saline and metronidazole gel) and can make a positive contribution to the treatment of high complex anal fistula. Further studies are needed to confirm these results.
